JAN 16 ]Q47 



NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 



WARTIME REPORT 



ORIGINALLY ISSUED 
April 19^2 as 
Restricted Bulletin 



CALCDLATICH OF TAB CHARACTERISTICS FOR FLIGHT 
COHDITIONS FROM W3HD-TUHNEL DATA 
By Richard I. Sears 



Langley Memorial Aeronautical Laboratory 
Langley Field, 7a. 



J.w.'-j*.'*':'. . . V >■ ) 




WASHINGTON 



NAC A WARTIME REPORTS are reprints of papers originally issued to provide rapid distribution of 
advance research results to an authorized group requiring them for the war effort. They were pre- 
viously held under a security status but are now unclassified. Some of these reports were not tech- 
nically edited. All have been reproduced without change in order to expedite general distribution. 



L - 218 



176 01364 9646 



IIATIOHAL ADVISORY COMMITTEE FOB AERONAUTICS 



RESTRICTED BULL3TIN 



CALCULATION OF TAB CHARACTERISTICS FOR FLIGHT 



CONDITIONS FROM WIND-TUNNEL DATA 



By Richard I. Sears 



Certain tall-surf aoe characteristics calculated from 
wind-tunnel data have "been reported not to check vith 
flight-test measurements. This discrepancy night have 
been caused by failure to account for the changes in equi- 
librium conditions that occurred in flight when the wind- 
tunnel data measured in static-force tests ware applied. 

The problem under consideration is the calculation of 
the effect of tab deflection upon the free-floating angle 
of the elevator, rb in a Bervocontrol . Flight-test meas- 
urements are reported to have shown nearly twioe as great 
a change in elevator deflection per degree tab deflection 
as wind-tunnel tests have indicated. The following illus- 
tration may be given in order to show that such a discrep- 
ancy may be expected if the tab characteristics are com- 
puted without consideration of the response of the air- 
plane to a deflection of the elevator. 

It can be shown that, for zero pitching velocity, the 
hinge-moment coefficient of the elevator may be expressed 
by the following relation: 
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a 1 angle of attack of tail 



a angle of attack of airplane 
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a 0 angle of attack of airplane at zero lift 

it angle of incidenoe of tail 

8 Q elevator deflection 

6^ tao deflection 

€ angle of downy/ash 

C n elevator hinge-nonent coefficient 

and 
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Thus, when C h = 0, the free-floating angle of the ele- 

vator is 
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The rate of change of free-floating angle of the elevator 
with tah deflection is 

°h 

= _ _ !»t 

- fr " we -sit 



3 



Trom reference 1, it can be seen thaLt , for typical air- 

, ■ . .. a8 

planes, — a lies between 0 and —1.0 and has a" re 'dom- 
ett 

mended value of —0.5. It should be noted that the sign of 
6 e is taken opposite to that used' in reference 1. lor 
airplane 3 of reference 1, with various center-of-gravity 
positions 

|°- = ^- = -1.08, -2.23, -2.85 
da 

tfrom reference 2, the section parameters for an EAOA. 0009 
airfoil with a 0.30c flap are; 

0 h = -0.0075 
e al 

C h = -0.0130 
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C n = -0.0094 for a 0.10 c e tab 
6 «t 

= -0.0130 for a 0.20 c fl tab 



m -0,0160 for a 0.30 c e tab 

Assume ~ = 0.6 
da 

Thus, for a 0.20 c e tab, when —■ = -2.32 

oo Q 

oSe „ "0.0130 = _ 2 06 

38 t (-0.0130) + (-0.0075) (1 - 0.6) (-2.22) 

She curves of figure 1 have been computed in this man- 
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ner. They give the parameter :— ^ for various amounts of 

the airplane response factor ^- a — . Thus, it can be seen 
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that the reported discrepancy "between computed results and 
the flight-test measurements might well he explained if 
the computation neglected the response of the airplane to 
elevator movement. Such computations would be represented 

by the points at |2- B 0. 

Langley I-Ienorial Aeronautical Laboratory, 

National Advisory Committee for Aeronautics, 
Langley Field, 7a. 



REFERENCES 



1. G-ilruth, R. R. t and White, M. D . : Analysis and Pre- 

diction of Longitudinal Stability of Airplanes. 
Rep. L T o. 711, 1TACA, 1941. 

2. Ames, Hilton B. t Jr., and Soars, Richard I.} Determi- 

nation of Control-Surface Characteristics from 2TACA 
Plain-Flap and Tab Beta. Rep. Ho. 721, BACA, 1941. 




1.- Variation of tab effectiveness with airplane respenao to 
olovator dafloction. I'AGA 0009 airfoil 0.30c olovator. 



3 1176 01364 9646 



